LGMD2C and 2D, and on the observed decreased abundance of dystrophin through WB in some sarcoglycans (SG) patients, we have recently suggested that α, and δ subunits of sarcoglycan complex might be more closely associated and that γ-SG might interact more directly with dystrophin. Two additional SG patients here reported give further support to these suggestions: an LGMD2F patient showed patchy labelling for γ-SG, despite the lack of staining of the other three SG proteins; an LGMD2C boy showed deficiency in dystrophin by means of WB and IF, comparable with an DMD manifesting carrier. These two patients represent further evidence of a closer relation of α, and δ-SG than of γ-SG and of the possible association of γ-SG with dystrophin. In addition the LGMD2C patient illustrates the potential risk of misdiagnosis using only dystrophin analysis, in cases with no positive family history, or when DNA analysis is not informative.
Introduction
The dystrophin-glycoprotein complex (DGC), composed by the dystroglycan and the sarcoglycan subcomplexes, forms an important bridge across the muscle membrane, between dystrophin, in the inner cytoskeleton and merosin, in the basal lamina.
1,2 The DGC may stabilise the sarcolemma and protect muscle fibres from long-term contraction-induced damage and necrosis.
A primary deficiency of dystrophin in Duchenne muscular dystrophy (DMD) leads to a secondary deficiency of members of the DGC, implying that dystrophin is necessary for the maintenance of the complex. 3, 4 Among the seven mapped autosomal recessive limb-girdle muscular dystrophies, the sarcoglycanopathies (SGpathies) or LGMD2D, 2E, 2C and 2F are caused by a primary lack of one of the sarcoglycan glycoproteins (α-SG, -SG, γ-SG or δ-SG), resulting in the deficiency of the whole complex. [5] [6] [7] [8] [9] [10] [11] In a recent study we observed that the primary complete lack of α-SG staining in LGMD2D patients may be associated with a complete lack of and δ-SG but not of γ-SG staining. In addition, the primary lack of staining for γ-SG was associated with only a partial deficiency of α, and δ-SG proteins in some LGMD2C patients. Furthermore, a secondary reduction in dystrophin amount was seen in patients with primary sarcoglycan mutations, which was most marked in patients with primary γ-SG deficiency. Based on the above findings, we have suggested that α, and δ subunits of sarcoglycan might be more closely associated, whilst γ-SG might interact more directly with dystrophin. 12 Here we report two additional SGpathy patients with a 'DMD-like presentation' which gives further support to our previous study. In addition, one of them illustrates the potential risk of misdiagnosis in cases with a patchy pattern of dystrophin by means of IF methodology.
Patients and Methods
Patient 1 is a 15-year-old girl, from a Caucasian consanguineous kindred who has three normal sibs. She was wheelchair bound at age 12 and currently shows severe weakness and is unable to raise her arms. DNA analysis showed a novel homozygous missense mutation (E262K) in exon 8 of the δ-SG gene. 13 Patient 2 is a 9-year-old boy, who has difficulty in running and cannot climb stairs unassisted. He belongs to a highly consanguineous family with 19 additional affected individuals: ten males and nine females. DNA analysis confirmed that he has the 521-T mutation in the γ-SG gene.
Dystrophin was analysed by immunofluorescence (IF) and western blot (WB) with the rabbit polyclonal N-terminal 303-8 (kindly provided by J Chamberlain) and C-terminal monoclonal Dy8/6C5 antibodies (kindly provided by LVB Anderson), as described elsewhere.
14,12 Sarcoglycans proteins were studied by means of IF, using the following antibodies: α-SG (Ad1/20A6, from Dr LVB Anderson), -SG, 6 γ-SG 9 and δ-SG.
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Results
In patient 1, IF analysis of the sarcoglycan proteins revealed a total absence of δ-SG, as expected, accompanied by the total absence of α-SG and -SG, but only a partial deficiency of γ-SG (Figure 1) .
In patient 2, IF analysis showed the complete absence of the four sarcoglycan glycoproteins from muscle membranes (Figure 1) . However, it differed from the previous 5LGMD2C patients we had reported, who showed a positive and apparently normal pattern of dystrophin distribution on muscle fibres. In this patient, we observed a weak IF pattern of dystrophin, with some clusters of strongly positive fibres, which is comparable with the pattern we observed in some DMD manifesting carriers (Figure 1 ). In addition, a very weak dystrophin band ( + /-10% of normal) was detected using western blot methodology, with antibody directed against the rod domain of dystrophin (Figure 2 ), thus confirming a dystrophin deficiency.
Discussion
In our previous report, all patients affected by LGMD2E and 2F were severely affected; their muscles were highly degenerate and showed a total absence of the four SG glycoproteins on muscle fibres. Therefore our previous suggestion of the probable association of the SG proteins was indirectly based on observations in six LGMD2D patients who showed a primary deficiency of α-SG and a total deficiency of -and δ-SG, but not γ-SG, as well as in two LGMD2C patients, who
Figure 1 IF pattern of dystrophin (DYS) and the four sarcoglycans proteins in a control muscle (CON), in the patient with LGMD2F and 2C.
Organisation of the sarcoglycans proteins t had a total absence of γ-SG, but only a partial deficiency of α, and δ-SG.
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The LGMD2F patient here reported also showed patchy labelling for γ-SG, despite the absence of the other three SG proteins and therefore represents another evidence of a closer relation to α, and δ-SG than to γ-SG.
Moreover, the patchy dystrophin pattern observed in the LGMD2C (γ-SG deficient) patient gives further support to the hypothesis of a closer association between γ-SG and dystrophin. However, since all our patients studied had the same mutation, we cannot rule out the possibility that this specific mutation affects the protein interaction within the sarcoglycan complex. In this respect it will be interesting to verify if patients with different mutations in the γ-SG gene also have the same complex disarrangement.
We have already shown that many SG patients had a very weak band of dystrophin using WB methodology, as a secondary effect of SG deficiency. However, this was not evident using the IF technique, which usually presents a positive pattern. 12 A possible explanation is that, as reported previously for DMD heterozygotes (and mdx carriers), dystrophin present in a mosaic pattern in young individuals and manifesting carriers tends to show a more uniform arrangement on fibre sarcolemma with aging. 15, 16 Consequently, a deficiency in dystrophin quantity, which can occur as a patchy pattern of distribution, might be transformed to a positive pattern as dystrophin is redistributed on sarcolemma.
Finally, it is important to point out that some LGMD patients can present a reduction in the amount of dystrophin 12 whilst some BMD patients can have normal dystrophin. 17 Therefore, based on the low dystrophin quantity from WB and the patchy pattern from IF analysis, this LGMD2C boy would have been diagnosed as having Becker muscular dystrophy, or as a manifesting DMD carrier if he had been a girl. So in the absence of a positive family history, or when DNA analysis is not informative, results concerning dystrophin must be interpreted with caution. 
